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Time-resolved Synchrotron Radiation X-ray Diffraction Study of Polymorphic
Crystallization of a Single System and Binary Mixtures Systems in Triacylglycerols
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Yoshiyuki AMEMIYA*** and Kiyotaka SATO*
*Faculty of Applied Biological Science, Hiroshima University, **Nippon Lever B.V.,
***Faculty of Engineering, University of Tokyo

Polymorphlc crystalhzatlon of trlacylglycerol (TAG) SOS and the phase behavxor and molecular inter- '
0 actlons of the binary mixtures of TAGs, POP-PPP, POP-PPO and POP-OPO, have been examined with

ia time-resolved X-ray dlffractlon method using synchrotron radiation (SR—TXRD) For the study of single

system of TAG, two main results have been obtained: (1) the melt mediation without thermal annealing
gaverise to the formatlon ofa 11qu1d crystalline structure having long spacing values of 5.1 nm and 4.6 nm .
in SOS, (2) the formation of lamellar ordering of SOS occurred more rapidly than that of subcell packmg :

“For the studies, of binary mixtures of TAGs, in POP-PPO and POP-OPO mixtures; the molecular’ com- -

o pounds were formed at the 1:1 concentration ratio, revealing least stable forms of alpha and the most sta-
_ ble forms of beta. In all forms the chain length structure was double, makmg a contrast to the triple chain
length structure which was formed in the all component materials. Consequenﬂy, the use of SR TXRD un-
veiled quite newer aspects of the polymorphlc crystalhzatlon of the trlacylglycerols from neat hquxd Whlch ‘

' were not detactable in conventlonal XRD techmques :
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Figure 1. (a) Molecular model of triacylglycerol.
(b) Molecular model of SOS.
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Figure. 2. Chain length structure, subcell and long spacing.
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Table 1. Physical properties of SOS
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SOS Jif 36.5 104.8 7.0 3 0
B . 41.0 143.0 16.63 3 (1))
B 43.0 151.0 6.6 3 T,
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Figure 3. Structure model of polymorphic changes of SOS. Num-
ber 2 and 3 mean the double and triple chain length structures,
respectively.
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Figure 4. Thermodynamic stability of the five polymorphic crys-
tals and two liquid crystal forms of SOS.

water
—
Vacuum
PSPC
(small angle) Chamber\
/ _Sample
LTI [
........ \mwmm.mumwu\

\ - ? SR Beam
Scattering X-ray (r=15A4A)

_PSPC

Beam Stopper (wide angle)
Temperature —e
water

Control Bath

Figure 5. Instrument of X-ray diffraction with synchrotron radia-
tion source at BL~15A in Photon Factory.
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Figure 6. Diagrams of the two types of thermal processes. (a)

without annealing, (b) with thermal annealing at 22°C.
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Figure 7. SR-TXRD spectra of the c-melt-mediated crystalliza-

tion at 30°C without annealing (Fig. 6a).
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Figure 8. SR-TXRD spectra of the c-melt-mediated crystalliza-
tion at 30°C with annealing (Fig. 6b).
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Figure 10. A kinetic phase diagram of PPP-POP mixture.
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Figure 11. Phase diagrams of PPO-POP mixture: (a) stable
forms and (b) metastable forms.
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Figure 12. Data of metastable forms of PPO/POP=5/95: (a)
DSC heating thermogram, (b) SR—TXRD spectra.
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Figure 14. Data of metastable forms of OPQO/POP=10/90: (a)
DSC heating thermogram, (b) SR-TXRD spectra.
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